







ESR meets Sessions (EM)
ESR Undergraduate Working Group Session
EuroAIM Session
European Excellence in Education (E³)
Honorary Lectures (HL)
Mini Courses (MC)
Multidisciplinary Sessions:  
Managing Patients with Cancer (MS)
New Horizons Sessions (NH)
Opening Lecture (OL)
Professional Challenges Sessions (PC)
Refresher Courses (RC)
RTF - Radiology Trainees Forum (TF)
Special Focus Sessions (SF)
State of the Art Symposia (SA)
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0HGLFDO LPDJLQJ LVDFKLHYLQJJUHDWHUHIIHFWLYHQHVVDVD WRRO WRPDNHDFFXUDWH




























































































































7R OHDUQ KRZ WR EULGJH WHPSRUDO DQG VSDWLDO VFDOHV EHWZHHQ WKH GLIIHUHQW
LPDJLQJPHWKRGV
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH




































(YDOXDWLRQ RI WXPRXU H[WHQVLRQ SOD\V DPDMRU UROH LQ WUHDWPHQW SODQQLQJ DQG
HYDOXDWLRQRIWXPRXUUHVSRQVH0XOWLGHWHFWRU&RPSXWHG7RPRJUDSK\0'&7DQG
0DJQHWLF5HVRQDQFH05DUHWKHPRVWFRPPRQLPDJLQJPRGDOLWLHVWRHYDOXDWH
































































































































ERWK LQ GLDJQRVWLF DQG WKHUDSHXWLF WRROV7KHDLPVRI WKHUDS\ LQ VWURNHDUH WR
UHSHUIXVHK\SRSHUIXVHGDUHDVDQGWRRSHQRFFOXGHGYHVVHOVLQWKHSUHVHQFHRI



































































ZD\V)LUVW WKH\ UHSUHVHQWTXDQWLWDWLYHYDULDEOHV WKDWFKDUDFWHUL]HDQGPHDVXUH
GLIIHUHQWSDUDPHWHUVREWDLQHGIURPPHGLFDOLPDJHVWKDWDUHUHOHYDQWWRWKHWXPRXU
JUDGLQJ6HFRQGSDUDPHWULFLPDJHVDOORZXVWRDQDO\]HWKHVSDWLDOGLVWULEXWLRQRI
WKHELRPDUNHU LQ WKH WXPRU WKURXJK LWV YLVXDO UHSUHVHQWDWLRQ7KHVH LPDJHVDUH
JHQHUDWHG WRSURYLGHDJUDSKLFDO UHSUHVHQWDWLRQRI WKH YDOXHVRI WKH FDOFXODWHG
SDUDPHWHUVRQWKHEDVLVRIRULJLQDOLPDJHE\SRVWSURFHVVLQJFRPSXWLQJ7KHXVH
RI LPDJLQJELRPDUNHUV LQ LQIRUPDWLRQGULYHQGHFLVLRQPDNLQJ LQFOLQLFDO WULDOVDQG




















































































$FXWH VWURNH LV LQFUHDVLQJO\ EHLQJ WUHDWHG E\ QHXURLQWHUYHQWLRQDO WHFKQLTXHV














WLRQDVZHOODV UHGXFHGXVDJHRI WKURPERO\WLFV UHVXOWV LQD ORZHUV\PSWRPDWLF
KDHPRUUKDJHUDWH
/HDUQLQJ2EMHFWLYHV































































































































































































KRZHYHU05KDV HVWDEOLVKHG LWVHOI DV DQ DOWHUQDWLYH HYHQ IRU OXQJ LPDJLQJ
ZKHQHYHU UDGLDWLRQ GRVH LV D OLPLWLQJ IDFWRU0XOWLGHWHFWRU&7ZLWK DW OHDVW 



























7KHPRVW IUHTXHQW LPDJLQJ WHFKQLTXHVRI WKHFKHVWDUHSURMHFWLRQ UDGLRJUDSKV








































































































,Q WKHSDVW\HDUV IXUWKHUPRUHRU OHVVTXDQWLWDWLYH05, WHFKQLTXHVKDYHEHHQ
LQYHVWLJDWHG:KLOHSKDUPDFRNLQHWLFPRGHOOLQJRIKLJKWHPSRUDOUHVROXWLRQG\QDPLF








































































DUHDFTXLUHGDW WZR KLJKDQG ORZ HQHUJ\ OHYHOV%DVHGRQGLIIHUHQW DWWHQXD




































DSSOLFDWLRQV LQFOXGH O\PSKQRGH FKDUDFWHULVDWLRQ DQGPRQLWRULQJ QHRDGMXYDQW
WUHDWPHQW'HODVWRJUDSK\LVDFWXDOO\LQSURJUHVV
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH











































7RXQGHUVWDQGKRZ WKH WHFKQLFDO FKDUDFWHULVWLFV RI&7 VFDQQHUV LQÁXHQFH
UHVXOWVRIFDUGLDF&7$








DGGLWLRQRID IXUWKHUGLDJQRVWLF WHVWDV LWDOORZVDFFXUDWHVSDWLDODVVRFLDWLRQRI
SHUIXVLRQGHIHFWVWRWKHLUVXEWHQGLQJFRURQDU\VWHQRVHVSURYLGLQJNH\LQIRUPDWLRQ
IRUHYLGHQFHGULYHQLQWHUYHQWLRQWDUJHWLQJUHOHYDQW OHVLRQRQO\:KLOHDQHJDWLYH















































































































































































































































































































































6RPHSDWLHQWV DUH VRXQVWDEOH WKDW WKH\ UHTXLUH LPPHGLDWH VXUJHU\ WR FRQWURO








:KDW LV EHFRPLQJXQLYHUVDOO\ DFFHSWHG LV WKDW HDUO\&7 VFDQQLQJDOORZV UDSLG
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH











































































IURP URWDWLRQDO'6$ DOORZLQJ IRU DFFXUDWH GHOLQHDWLRQ RI YDVFXODU GLVHDVH WR
LPSURYHPHQWVLQ&7$DQG05$SDUWLFXODUO\*DGROLQLXPHQKDQFHGVWXGLHVKDYH
JUHDWO\ LPSURYHGRXUGLDJQRVWLFDUPDPHQWDULXP ,QDGGLWLRQ WKHUH LV LQFUHDVHG
XQGHUVWDQGLQJ WKDWDWKHURPDWRXVGLVHDVH ORFDOLVHG WR WKHFDURWLGELIXUFDWLRQ LV





















7KLVSUHVHQWDWLRQ IRFXVHVRQ WHFKQLFDOEDFNJURXQGVDQGUHTXLUHPHQWV IRUVXF
FHVVIXODFTXLVLWRQRIDQJLRJUDSKLF05DQG&7GDWDWRDPLQRUH[WHQW$SDUWIURP
FRQYHQWLRQDOWHFKQLTXHVDOVRIXQFWLRQDOLPDJLQJDSSURDFKHVIRUTXDQWLI\LQJGLVHDVH
VHYHULW\ZLOO EH SUHVHQWHG VXFK DV05ÁRZPHDVXUHPHQWV DQG WLPHUHVROYHG
SKDVHFRQWUDVW05$7KHPDLQIRFXVRIWKLVSUHVHQWDWLRQLVWKHGLVSOD\RIW\SLFDO




























































































$UFLPEROGR D ODWH5HQDLVVDQFH/RPEDUGDUWLVWZKR OLYHG IURP WR
LVEHVWNQRZQIRUKLVFRPSRVLWHKHDGVZKLFKZHUHEDVHGRQIUXLWVYHJHWDEOHV
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:HZLOO DSSURDFK WKHVH WKURXJK XQNQRZQ FDVHV DQG DXGLHQFH SDUWLFLSDWLRQ
'HWHFWLRQ DQG GHVFULSWLRQ ,Q HYHU\GD\ SUDFWLFH LI WKH FKHVW ;UD\ LV QHJD
WLYH LW LVDVVXPHGFOLQLFDOO\ WKDW WKHSDWLHQWKDVQRSQHXPRQLD8QIRUWXQDWHO\
WKLV LV QRW WKH FDVH IRU LPPXQRFRPSURPLVHGSDWLHQWV VXFKDV$,'6SDWLHQWV
ERQHPDUURZ SDWLHQWV HWF ,I WKHUH LV VWURQJ FOLQLFDO VXVSLFLRQ RI SQHXPR
QLD D&7 LV RIWHQ UHYHDOLQJZKHQ WKH FKHVW;UD\ZDV QHJDWLYH'HVFULSWRUV
RI SQHXPRQLD SDWWHUQV DUH RIWHQ FRQIXVLQJ EHFDXVH VRPH GHVFULSWRUV DUH
FOLQLFDOVRPHDUHSDWKRORJLFDODQGPDQ\DUHEDVHGRQHDUO\;UD\GHVFULSWLRQV









RUJDQLVPVD VWUXFWXUDOSUREOHP LQ WKH OXQJRUQRQLQIHFWLRXVGLDJQRVLV7KHVH
FRPSOLFDWLRQVDQGWKHUROHRI&7ZLOOEHHPSKDVLVHG
/HDUQLQJ2EMHFWLYH




































































VXSHULRU UHVXOWV LQ SUR[LPDO ERZHO DVVHVVPHQW WKXV VXLWHG IRU LGHQWLÀFDWLRQRI













































































































































7KH ULVN IRU YHQRXV WKURPERHPEROLVP LV LQFUHDVHG E\ D IDFWRU RI IRXU GXULQJ















































































7KHSULQFLSOHVRI$7/6DQGGLVFUHSDQFLHVEHWZHHQ WKH UDGLRORJLFDO OLWHUDWXUH
$7/6DQGGD\WRGD\SUDFWLFHZLOOEHDGGUHVVHG
/HDUQLQJ2EMHFWLYHV













































































































































GHVFULEH WKH DEQRUPDOLW\ EDVHGRQ LWV LQWHUQDO FKDUDFWHULVWLFV DQG VSHFLÀF&7
IHDWXUHVDQGSODFHLWLQWRWKHDSSURSULDWHDQDWRPLFGLYLVLRQDQWHULRUPLGGOHDQG
SRVWHULRU RU SDUDYHUWHEUDO7KHGLVHDVHV DIIHFWLQJ SXOPRQDU\ KLOD DUH GLUHFWO\
UHODWHGWRWKHKLODUDQDWRPLFFRPSRQHQWVO\PSKQRGHVEURQFKLSXOPRQDU\DQG
V\VWHPLF DUWHULHV DQG YHLQV DQG DXWRQRPLF QHUYHV(QODUJHG KLODPD\ HLWKHU


















VXFK DV VDEHU VKHDWK WUDFKHD WUDFKHREURQFKLDO G\QDPLF LQVWDELOLW\ WUDFKHR

















































































7REHFRPH IDPLOLDUZLWK WKHQRQWHFKQLFDO LVVXHV LQ WKH VHOHFWLRQRI D86
V\VWHP
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH


























































































































































































































































































































































































2YHU WKHSDVWGHFDGH WKH WUHDWPHQWRIFRORUHFWDOFDQFHUKDVEHFRPH LQFUHDV
LQJO\ LQGLYLGXDOLVHGZLWK WKHUDSHXWLF RSWLRQV UDQJLQJ IURPQHRDGMXYDQW WKHUDS\
ZLWK)2/)2;DQG UDGLDWLRQ WKHUDS\ WR WUDQVDQDOPXFRVDO UHVHFWLRQ WR URERWLF
VXUJHU\ZLWK ORZDQWHULRUUHVHFWLRQDQGVXUJLFDOH[WLUSDWLRQ LQFOXGLQJ$357KLV
OHFWXUHUHYLHZVWKHUROHRI&705WUDQVUHFWDOXOWUDVRXQGDQG3(7&7LQJXLGLQJ







































7KH UHSRUWLQJ SDUW LV SUREDEO\ WKHPRVW LPSRUWDQW VWHS LQ D UDGLRORJLFDO H[DP
EHFDXVHWKHUDGLRORJLVWҋVH[SHUWLVHFRPHVLQWRSOD\5DGLRORJLVWVLQWUDLQLQJOHDUQ




























0HVHQWHULFYDVFXODUGLVHDVH LVRIWHQ WKH ODVWGLDJQRVLV WKRXJKWRIE\FOLQLFLDQV


















LQLWLDO VWDJLQJ UHVSRQVHDVVHVVPHQW IROORZXSDQG LQYHVWLJDWLRQRI VXVSHFWHG











































































































WKHPDLQ IUDPHZRUN IRUSUHVHQWLQJDQGH[FKDQJLQJ WKHVFLHQWLÀFH[SHULHQFHRI




















































































































































































































































































































































&7 F\VWRJUDSK\ DQG IRU XUHWKUDO LQMXU\ D UHWURJUDGH XUHWKURJUDP VKRXOG EH
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH











































QHRDGMXYDQWFKHPRWKHUDS\ IROORZHGE\VXUJLFDOGHEXONLQJ LV UHFRPPHQGHG ,Q
WKHPDQDJHPHQWRIRYDULDQFDQFHUFURVVVHFWLRQDO LPDJLQJLVQRZHVVHQWLDO LQ




































$EQRUPDOLWLHV RI WKH DEGRPLQDO DRUWD DQG WKH YLVFHUDO YHVVHOVPD\ UHSUHVHQW
D GLDJQRVWLF FKDOOHQJH LQ SDWLHQWVZLWK DFXWH RU FKURQLF FOLQLFDO V\PSWRPV ,Q
DGGLWLRQ WR WKH SULPDU\ GLDJQRVLV LQ EVFDQ FRORXUFRGHG GXSOH[ XOWUDVRXQG
FRQWUDVWHQKDQFHGXOWUDVRXQG &(86ZLWK ORZPHFKDQLFDO LQGH[ ORZ0, LVD







































HVSHFLDOO\FRQFHUQLQJ LWV LPDJLQJ LPSOLFDWLRQVDVZHOODV WKHQHZFRQFHSWVRQ
SDQFUHDWLF DGHQRFDUFLQRPDRQFRJHQHVLV DQGSRVVLEOH LPDJLQJ VWUDWHJLHV WKDW
PD\EHXVHGIRUHDUOLHUGHWHFWLRQ
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH



































































































7R OHDUQDERXWDYDLODEOHVWUDWHJLHV IRUYLVXDOLVLQJFHOOXODU WDUJHWVZLWK05,
SUREHV














































































































ÀUPO\HVWDEOLVKHGDVDQH[FHOOHQW LPDJLQJPRGDOLW\ IRU IRFDO OHVLRQV ,WVVWURQJ
SRLQWV LQFOXGH KLJK VSDWLDO DQG FRQWUDVW UHVROXWLRQ DVZHOO DV LWV XQSDUDOOHOHG
WHPSRUDOUHVROXWLRQHQDEOLQJG\QDPLFLPDJLQJDIWHUFRQWUDVWLQMHFWLRQLQUHDOWLPH
'LVDGYDQWDJHVDUHSRRUVRQRJUDSKLFDFFHVVLQVRPHSDWLHQWVPDLQO\REHVHDQG






































































































































































































































































































































































































































RI WXPRXU UHVSRQVHGXULQJ DQGDIWHU WUHDWPHQW EXW DOVR DQHDUO\ GHWHFWLRQ RI































































































































































































































































































ZKLOHEHFRPLQJ WKHVWDQGDUGRIFDUH LQ WKHPDQDJHPHQWRIDGXOWDQGFKLOGUHQ

















































































































7UDXPD LV  RQH RI  WKH OHDGLQJ FDXVHV RI  PRUE LG L W\  DQG PRU WD O 
LW\ LQ \RXQJ SDWLHQWV 'HVSLWH WKH KLJK QXPEHU RI YLFWLPV WUDXPD UH
PDLQV D FKDOOHQJH 3K\VLFDO H[DPLQDWLRQ LV QRW DFFXUDWH EHFDXVH RI WKH


























05PDPPRJUDSK\KDVEHFRPHDQ LPSRUWDQW LPDJLQJ WHFKQLTXHEXWEHFDXVH





















































































UHDGHUV ,QQHXURLPDJLQJ WKHUH LVDQ LQFUHDVHG ULVNRIHUURUVGXH WR WKH ODUJH










































SRWHQWLDOO\ LQFOXGLQJDUWHULDO YHQRXVDQGH[FUHWRU\ DV LQ&7XURJUDSK\ &78
'HOD\HGGLDJQRVLVDSSHDUVWRUDUHO\DIIHFW/87LQ76SDWLHQWV&\VWRJUDSK\DQG












































































































































7RJHW DQRYHUYLHZRI RUJDQVSHFLÀF WR[LFLW\ DQGRWKHU DGYHUVHHIIHFWV RI
FKHPRDQGUDGLRWKHUDS\














2QHRI WKHPDMRUFKDUDFWHULVWLFVRIPHGLFDO LPDJLQJ LQWKHVW&HQWXU\ LVWKH
GUDPDWLFLQÁX[RIQRYHOWHFKQRORJ\7KHLPSDFWRIQHZWHFKQRORJ\DQGWHFKQLTXHV
LVH[SHULHQFHGLQDOOPRGDOLWLHV7KHFRQWLQXRXVGHYHORSPHQWDQGLPSOHPHQWDWLRQ
RIKLJKO\VRSKLVWLFDWHGPHGLFDOSURGXFWVDQGGHYLFHV LVNH\ WR WKHHYROXWLRQRI
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)ULGD\
/HDUQLQJ2EMHFWLYHV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3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH











RI ,5(FRXOGEHGRFXPHQWHG+RZHYHU WKHUHDUH VRPHXQLTXHFKDUDFWHULVWLFV
PDNLQJ,5(UDWKHUGLIIHUHQWIURPRWKHUDEODWLYHWHFKQLTXHV*HQHUDODQDHVWKHVLD




































































































ZKHQ WXPRXUV DUH FORVH WR ODUJH YHVVHOV0LFURZDYH 0:$PLJKW EHD YDOLG
DQVZHUWRWKHVHGLIÀFXOWLHVLQVL]HDQGYDVFXODUFRROLQJGXHWRWKHSRVVLELOLW\WR

































































'LDJQRVWLF SRWHQWLDOV ² DVZHOO DV OLPLWDWLRQV ² DVVRFLDWHGZLWKPRUSKRORJLFDO

































































































































































7KHPRVWFRPPRQYLUDO LQIHFWLRQRI WKHEUDLQ LVKHUSHVHQFHSKDOLWLV +69 ,W
LVDQHFURWLVLQJHQFHSKDOLWLVZLWKDPRUWDOLW\UDWHRIPRUHWKDQ2QLPDJLQJ















WR[RSODPRVLV DSSHDUV DVPXOWLSOH HQKDQFLQJ OHVLRQVZLWKPDUNHG SHULOHVLRQDO
RHGHPD&DOFLÀFDWLRQLVSRVVLEOH3ULRQGLVHDVHVDUHFDXVHGE\DSURWHLQDFHRXV
LQIHFWLRXV SDUWLFOH OHDGLQJ WR&UHXW]IHOG-DFRE GLVHDVH LQ KXPDQV'LIIXVLRQ

























































WKHGLDJQRVWLFFKDOOHQJH IRU UDGLRORJ\ WR UHFRJQLVHEHQLJQDQGPDOLJQDQWÀQG
LQJVLVFUXFLDOWRRULHQWWRZDUGVGLIIHUHQWKLVWRW\SHV5HODWLRQVZLWKQHLJKERXULQJ
VWUXFWXUHVDUHDOVRQHFHVVDU\WRFRUUHFWO\VWDJHWKHGLVHDVH&7DQG05,KDYH

































































































H[FUHWRU\ XURJUDSK\ DQG UHWURJUDGH XUHWHURS\HORJUDSK\7HFKQLFDO DVSHFWV RI
LPDJHDFTXLVLWLRQDQGSURFHVVLQJZLOOEHH[SORUHGDQGWHFKQLFDO WLSVUHODWLQJWR






6 &% ' ( ) * +$ (XURSHDQ&RQJUHVVRI 5DGLRORJ\
SLYRWVKLIWGDVKERDUGK\SHUH[WHQVLRQFOLSLQMXULHVDQGSDWHOODUGLVORFDWLRQZHUH
UHFRJQLVHGZKLFK FRUUHODWHZLWK OLJDPHQWRXV OHVLRQV6LPLODU FRUUHODWLRQV FDQ
EHIRXQGLQDQNOHVDQGVKRXOGHUV,QFDVHVRIERQHFRQWXVLRQ%0(VLJQLÀFDQWO\
GHFUHDVHVLQZHHNVDQGUHVROXWLRQSDWWHUQLVFHQWULSHWDO,IFOLQLFDOV\PSWRPV












































































































































































































































LQIRUPDWLRQ LQHDFKSDWLHQW'LDJQRVWLF LPDJLQJGLVFXVVHG LQ0'7FRQIHUHQFHV















































































&RURQDU\DUWHU\GLVHDVH &$' LV WKH OHDGLQJFDXVHRIPRUELGLW\DQGPRUWDOLW\
LQWKHLQGXVWULDOLVHGFRXQWULHV,QRUGHUWRGHWHUPLQHZKLFKSDWLHQWVDUHDWULVNWR
GHYHORSVXGGHQFDUGLDFGHDWKRUQRQIDWDOIXWXUHFDUGLDFHYHQWVHJP\RFDUGLDO
LQIDUFWLRQLVFKDHPLDUHODWHG FDUGLDF DUUK\WKPLDV WUDGLWLRQDO ULVN IDFWRUV KDYH




































































































SURFHGXUHV VXFKDV FDUGLRYDVFXODU UHSDLUV7KH WDONZLOO KLJKOLJKW DSSOLFDWLRQV
VXFKDV05,JXLGDQFHLQEUHDVWELRSVLHVZKLFKKDVLQFUHDVHGIROORZLQJGHYHORS
PHQWV LQ05PDPPRJUDSK\ FRLOV DQG ELRSV\ QHHGOHV$QRWKHU DSSOLFDWLRQ LV
05,)RFXVHG8OWUDVRXQG6XUJHU\ZKHUH05,LVXVHGWRJXLGHWKHGHSRVLWLRQRI























,Q WKH ODVW  \HDUV LPDJLQJJXLGHGSHUFXWDQHRXVDVSLUDWLRQELRSVLHVRI QRQ
SDOSDEOHWDUJHWVGUDLQDJHVRIÁXLGFROOHFWLRQVDQGPRUHUHFHQWO\WKHUPDODEOD
WLRQVZLWKUDGLRIUHTXHQF\PLFURZDYHVFU\RWKHUDS\ODVHUHWFRIHLWKHUEHQLJQ































































































































































































































































WR WKHVNLQDIWHUSODFHPHQWDQGWKHDEVFHVV LVFRPSOHWHO\HYDFXDWHGZKLOH WKH





















































SUHGRPLQDQWO\ LQWKHDWODV ORRS9VHJPHQW ,QWUDFUDQLDOFDURWLGDQGYHUWHEUDO
DUWHU\ GLVVHFWLRQV FDQ FDXVH VXEDUDFKQRLGKDHPRUUKDJH05$DQG&7$KDYH
ODUJHO\UHSODFHGFDWKHWHUDQJLRJUDSK\IRUWKHGLDJQRVLVRIGLVVHFWLRQVDQGDVVRFL
DWHGFRPSOLFDWLRQVVXFKDVSVHXGRDQHXU\VPV&URVVVHFWLRQDO05,GHPRQVWUDWHV





















6 &% ' ( ) * +$ (XURSHDQ&RQJUHVVRI 5DGLRORJ\
QHXURLPDJLQJVWXGLHV'HVSLWHWKHVHDGYDQWDJHVRSHUDWLQJDWVXFKÀHOGLQWHQVLW\
UDLVHV WHFKQLFDO FKDOOHQJHV )LUVW SXOVH VHTXHQFHGHVLJQ DQG LPSOHPHQWDWLRQ
PXVWWDNHLQWRDFFRXQWVSHFLÀFFKDUDFWHULVWLFVRI05SK\VLFVDWKLJKÀHOGVWUHQJWK
LQFUHDVHG7DQGGHFUHDVHG7UHOD[DWLRQWLPHVLQFUHDVHGFKHPLFDOVKLIWRU%
DQG%UHODWHG LQKRPRJHQHLWLHV )RU WKLV UHDVRQPHUHO\ WUDQVSRVLQJ LPDJLQJ
VHTXHQFHSURWRFROVWKDWDUHHIIHFWLYHDWORZHUÀHOGVLVQRWVXIÀFLHQWEHFDXVHWKHUH
DUHSDUWLFXODUWKHRUHWLFDOLVVXHV6HFRQGWKHUHDUHVHYHUDODUWHIDFWVDQGGUDZEDFNV
UHVXOWLQJ IURPVRPHRI WKHVHSK\VLFDOHYHQWV VXFKDVPDJQHWLF VXVFHSWLELOLW\
LQGXFHGDUWHIDFWV UHVXOWLQJ LQVLJQDOPLVUHJLVWUDWLRQDQG LQWUDYR[HOGHSKDVLQJ
FRPSURPLVHG IDW VXSSUHVVLRQ VSHFLDOO\RQDLUWLVVXHRUDLUERQH LQWHUIDFHVRU
LPDJH%LQGXFHGGLHOHFWULFHIIHFWVRQDEGRPLQDOLPDJLQJ2WKHUW\SHVRIDUWHIDFWV
VXFKDVSDWLHQWLQYROXQWDU\PRWLRQ&6)SXOVDWLRQEORRGÁRZRU*LEEVDUHDOVR
















































































































































































































































DFXWH WUDXPDDUHH[WUHPHO\UDUH WKHFOHDUDQFHRI WKHSDHGLDWULFFHUYLFDOVSLQH
RQDGPLVVLRQWRWKHHPHUJHQF\URRPUHPDLQVDFKDOOHQJHIRUERWKFOLQLFLDQVDV



















































































































































































QRW RQO\ WK\URLG YROXPHPHDVXUHPHQW EXW DOVR SDUHQFK\PDO HFKRJHQLFLW\ DQG
YDVFXODULVDWLRQDVVHVVPHQWDVWKLVPD\RIIHUFOXHVWRGLIIHUHQWW\SHVRIK\SHUWK\
URLGLVPDQGWK\URLGLWLV,QWK\URLGQRGXOHPDQDJHPHQWZKHWKHUVLQJOHRUQRGXODU
JRLWHU WKHPDLQ UROHRI86 LV WRSRLQW IRU IXUWKHUÀQHQHHGOHDVSLUDWLRQELRSV\





















































































































































































2Q WKHRWKHU KDQG LWҋV GLIÀFXOW WR DVVHVV WKHSHUIRUPDQFHVRI HDFK LQGLYLGXDO
FRPSRQHQW ;UD\JHQHUDWLRQH[SRVXUHFRQWUROZLWKDXWRPDWLFDOO\DGGHGÀOWUD


























































































7HOHUDGLRORJ\ EHQHÀWVPDQ\ SDWLHQWV WKRVH FDULQJ IRU WKHP DQG KHDOWKFDUH
V\VWHPV0DQ\ UDGLRORJLVWV FKRRVH WR SUDFWLFHXVH WHOHUDGLRORJ\ DQG GHULYH
VXEVWDQWLDOHFRQRPLFDQGRUZRUNOLIHEHQHÀWV/DUJHVFDOHWHOHUDGLRORJ\LVOHVV
WKDQ\HDUVROGDQGZHKDYH\HW WRVHH WKH IXOOH[WHQWRI LWVQHJDWLYHRIWHQ
XQLQWHQGHGFRQVHTXHQFHV&RPPRGLWLVDWLRQRI UDGLRORJ\E\ WHOHUDGLRORJ\DQG



























VXEVWDQWLDOO\ WR LQFOXGH LQWHUQDWLRQDO UHSRUWLQJ VHUYLFHV$OWKRXJK WHOHUDGLRORJ\
FRQIHUVPDQ\DGYDQWDJHV LQPDQ\ FLUFXPVWDQFHV LW DOVRKDVDQXPEHU RI LQ
KHUHQW OLPLWDWLRQV UHJDUGLQJ WKHSURSHU SURYLVLRQRI LPDJLQJ VHUYLFHVDQGPD\


































PHGLFLQHVHUYLFHV(PHUJHQF\ UDGLRORJ\GHYHORSHG LQWRDQHZVXEVSHFLDOW\ LQ
PRGHUQUDGLRORJ\DQGRQO\UHFHQWO\D(XURSHDQ6RFLHW\RI(PHUJHQF\5DGLRORJ\
(6(5ZDVIRXQGHG7KLVVWDWHRIWKHDUWVHVVLRQVXPPDULVHVWRGD\ҋVKLJKHQG














































































7KLV OHFWXUHZLOO GLVFXVV FXUUHQW DQGHPHUJLQJ LPDJLQJ WHFKQLTXHV IRU WXPRXU
FKDUDFWHULVDWLRQ)XQFWLRQDOPHDVXUHVRIWXPRXUEORRGÁRZDQGYDVFXODUSHU
PHDELOLW\FDQEHPDGHXVLQJ05,&7DQGXOWUDVRXQG&HOOXODULPDJLQJWDUJHWV































7KHPRVW FRPPRQ SDQFUHDWLFPDOLJQDQF\ LV GXFWDO DGHQRFDUFLQRPD ZLWK
QHXURHQGRFULQHWXPRXUV1(7O\PSKRPDDQGPHWDVWDVHVEHLQJLPSRUWDQWGLI






















































'LDJQRVLV RI WUDXPDUHODWHG LQMXULHV LV D NH\ WDVN LQPRGHUQ UDGLRORJ\(DUO\









































































































'LIIHUHQW IRUPV RI DQHXU\VPV %HUU\ DQHXU\VPV FRPSULVH WKH PDMRUL


















































































































































































































































































7KH LPDJLQJDOJRULWKPDQG LPDJLQJH[DPSOHV IRUPRVW FRPPRQ FRQGLWLRQV LQ
QHRQDWDO REVWUXFWLYH XURSDWK\ XUHWHURSHOYLF MXQFWLRQ REVWUXFWLRQ REVWUXFWLYH
PHJDXUHWHU SRVWHULRU XUHWKUDO YDOYHDQG VWRQHGLVHDVHZLOO EHSUHVHQWHGDQG
GLVFXVVHG ,PDJLQJ XULQDU\ WUDFW REVWUXFWLRQ LV D FRPPRQTXHU\ LQ SDHGLDWULF
XURUDGLRORJ\7KHVXEPLWWHGLQIDQWVKDYHLQFUHDVHGE\IHWDOVFUHHQLQJXOWUDVRXQG






















































WRHYLGHQFH WKHXQGHUO\LQJPHFKDQLVPVDOWHUDWLRQVDW WKH VRXUFHRI WKH V\PS
WRPDWRORJ\EHFKRVHQ1RZDGD\VWKHUHDUHYDULRXVW\SHVRIPDJQHWLFUHVRQDQFH
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH






































FROODERUDWLRQ DQG FRPPXQLFDWLRQ LQYROYLQJ DW OHDVW UDGLRORJLVWV SDWKRORJLVWV
VXUJHRQVPHGLFDORQFRORJLVWVDQGUDGLRWKHUDSLVWVEXWRWKHUGLVFLSOLQHVLQFOXGLQJ




































































%,5$'6DQG OHVLRQV LPDJLQJ JXLGHGELRSVLHV DUH UHFRPPHQGHGEHIRUH
GHÀQLWLYHVXUJHU\7KH LQWHUSUHWDWLRQRI LPDJLQJÀQGLQJVDQGSDWKRORJLF UHVXOWV










































WR DVVHVV IRU WKHSXUSRVHVRI WUHDWPHQW UHVSRQVHDQG FRQWLQXHG VXUYHLOODQFH





LV QRW OHIW XQWUHDWHG7KHUH DUH KRZHYHU VWLOO W\SLFDO SDWWHUQV RI UHVLGXDO DQG
UHFXUUHQW GLVHDVH WKDW WKH UDGLRORJLVWPXVW UHFRJQLVHZKLOVW EHFRPLQJ IDPLOLDU







































































































ZLWK FHUHEUDO GHDWK FOHDU FRPPXQLFDWLRQEHWZHHQ WKHHPHUJHQF\ GHSDUWPHQW
SK\VLFLDQDQGWKHUDGLRORJLVWLVFUXFLDO
/HDUQLQJ2EMHFWLYHV
7RHYDOXDWH WKHGLIÀFXOW EDODQFHEHWZHHQHPHUJHQF\ VDIHW\ RI GLDJQRVWLF
SURFHGXUHVDQGSDWLHQWLQIRUPDWLRQ



























































































































6 &% ' ( ) * +$ (XURSHDQ&RQJUHVVRI 5DGLRORJ\




















































































































































DGYDQWDJHV RI KLJKHU LPDJH VLJQDOWRQRLVH UDWLR FKDQJHV LQ77 DQG7

































































































DQGXQLTXH WLVVXHFRQWUDVWVGXH WRHQKDQFHGVHQVLWLYLW\ WR WLVVXHVXVFHSWLELOLW\
GLIIHUHQFHV$VÀHOGVWUHQJWKLQFUHDVHVWKHIUHTXHQF\RIWKH5)ÀHOGVXVHGIRU



































KHSDWLFDSSURDFKPD\DOORZDJXLGHZLUH WREHSDVVHGDORQJ WKHDIIHUHQW ORRS
IRUHQGRVFRSLFDFFHVV7KHUHLVDVPDOOEXWJURZLQJH[SHULHQFHRI(86JXLGHG













































F\VWHFWRP\ JDVWULFKHSDWLF UHVHFWLRQ DQGELOLRHQWHULF DQDVWRPRVLV SRVWOLYHU
WUDQVSODQWDWLRQ SRVW WUDXPDWLF EOXQW RU SHQHWUDWLQJ WUDXPD LQÁDPPDWLRQ DV


















































UHVWHQRVLV UDWHDW0R7KHPDQDJHPHQWRIELOLDU\ OHDNV  LQFOXGHV
FRPELQHGGUDLQDJHVRIWKHLQMXUHGELOLDU\GXFWDQGELORPD7HPSRUDU\LQVHUWLRQRI
FRYHUHGVWHQWPD\EHQHFHVVDU\WRPDQDJHKLODURUDQDVWRPRWLFOHDNV6HOHFWLYH







7R XQGHUVWDQG WKH UHVXOWV DQG FRPSOLFDWLRQV LQ FRPSDULVRQZLWK VXUJLFDO
PDQDJHPHQW
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH
























































































































































































































%HQLJQ DGUHQDOPDVVHV VXFK DV OLSLGULFK DGHQRPDV SKDHRFKURPRF\WRPDV














































































































































































































































VHQVLWLYLW\ IRUDOOSHOYLF ORFDOLVDWLRQRIHQGRPHWULRVLV(QGRPHWULRPD LV W\SLFDOO\
K\SHULQWHQVHDW7 IDWVXSSUHVVHG VHTXHQFHVDQGRI YDULDEOH VLJQDO LQWHQVLW\


























DQG FODVVLI\ IUDFWXUHV WR DVVHVV VWDELOLW\ DQG WR SURYLGH D EDVLV IRU VXUJLFDO
PLGIDFHUHVWRUDWLRQ'WHFKQLTXHVDGGLQIRUPDWLRQLQFRPSOH[IUDFWXUHVDQGLQ





































































































































RULJLQDQGGHPRQVWUDWH LWV LQWHUQDOFRQVLVWHQF\ HQGRPHWULRPDYHUVXVGHUPRLG
YHUVXV FRPSOH[VROLGPDVVDVZHOO DV FRPSOLFDWLRQV VXFKDV WRUVLRQ UXSWXUH
HWF86LVDOVRWKHÀUVWLPDJLQJPRGDOLW\IRUDVVHVVPHQWRIORVWLQWUDXWHULQHFRLO
GHYLFHVZKLFKFDQSUHVHQWZLWKDFXWHSHOYLFSDLQ&7PD\EHSHUIRUPHGDIWHU86
WRYLVXDOLVH WKH IXOOH[WHQWRIGLVHDVH LQVHYHUHFDVHVRI WXERRYDULDQDEVFHVV





































































































QRGHELRSV\ VLJQLÀFDQWO\ UHGXFHV WKH UDWH RI FRPSOLFDWLRQV DV FRPSDUHGZLWK





QHFURWLF O\PSKQRGHPHWDVWDVHVRU LQ WXPRXU W\SHVZLWK ORZPHWDEROLFDFWLYLW\
)DOVHSRVLWLYH ÀQGLQJV RFFXU LQ DFWLYH LQÁDPPDWLRQ'HVSLWH WKHVH OLPLWDWLRQV
VWXGLHVKDYH FOHDUO\ GRFXPHQWHG WKDW)'*3(7VLJQLÀFDQWO\ LPSURYHV WKHDF
FXUDF\RIO\PSKQRGHVWDJLQJLQVHYHUDOPDOLJQDQWWXPRXUV,QQRQVPDOOFHOOOXQJ
FDQFHUUDQGRPLVHGWULDOVKDYHVKRZQWKDW)'*3(7VLJQLÀFDQWO\LPSURYHVSDWLHQW









































































































































































,Q(XURSH D FOHDU HYROXWLRQ KDV WDNHQ SODFH UHJDUGLQJ WKH LPSOHPHQWDWLRQ RI




















RQOLQHZHEEDVHGDSSOLFDWLRQVZKHUH WKHGHYLFHVHUYHVDVD ´WKLQFOLHQWµ WR
GLVSOD\ LPDJHV UHQGHUHGDQGPDQLSXODWHGRQD UHPRWHFRPSXWHUDQG  ORFDO
















RQO\ XQGHUVWDQGSHOYLF05 LPDJLQJEXW DOVREHDZDUHRIZKDW WKH VXUJHRQV 
RQFRORJLVWV  UDGLRWKHUDSLVWV QHHG WR NQRZ WR SODQ WKH FRUUHFW WKHUDS\7KH
05 LPDJLQJ UHSRUW VKRXOG VWDUW ZLWK FOLQLFDO LQIRUPDWLRQ DQG UHTXLUHPHQWV
IROORZHG E\ WKH WHFKQLTXH XVHG 3DWLHQWV ZLWK XWHULQH DQG FHUYLFDO FDQFHU















05, H[DPLQDWLRQVZLOO EH SUHVHQWHG )XUWKHUPRUH WKH LPDJLQJ DVVHVVPHQW





























































7RXQGHUVWDQG WKHSHUIRUPDQFH VWDQGDUGVQHHGHG WRPLQLPLVH WKH ULVN RI
XQGHUHVWLPDWLRQ





%UHDVW FDQFHUPDQDJHPHQW KDV EHHQ HYROYLQJ WRZDUGPLQLPDOO\ LQYDVLYH DS
SURDFKHV:LWK WKH LPSURYHPHQWV LQ LPDJLQJ WHFKQLTXHV WKDWKDYHDOORZHG WKH

























% 6& ' ( ) * +$(XURSHDQ&RQJUHVVRI 5DGLRORJ\
6XQGD\





































































7R OHDUQKRZ WRSHUIRUPDQG UHSRUW&7XURJUDSK\ LQ WKHFOLQLFDOVHWWLQJRI
SRVVLEOHXURWKHOLDOFDQFHU









%HIRUH WKH DGYHQW RI IDVWVFDQQLQJPXOWLGHWHFWRUURZ&7 0'&7 WHFKQRORJ\
WKRUDFLF&7VWXGLHVZHUHH[FOXVLYHO\XVHGIRUWKHPRUSKRORJLFDODVVHVVPHQWRI





















































FRQVLGHUDWLRQ)LQDOO\ KRZ WRPLQLPLVH WKHH[SRVXUH IRU WKH IRHWXVGXULQJ05
LPDJLQJZLOOEHGLVFXVVHG
/HDUQLQJ2EMHFWLYHV


























































KDYH UHSODFHG FRQYHQWLRQDO&7 WHFKQRORJ\&RQFHSWXV GRVHV IURPDEGRPLQDO
























































































































WKH RSSRUWXQLWLHV DQG FKDOOHQJHV WKDW FRQIURQW UDGLRJUDSK\ WKXV VWUHQJWKHQLQJ
LWVSURIHVVLRQDOHWKRV7KLVSUHVHQWDWLRQH[DPLQHVWKHSROLWLFDOHGXFDWLRQDODQG

































































































7KH UROH RI LPDJLQJ7KHPDLQ DLPV RI LPDJLQJ DUH FRQÀUPDWLRQ RI WKH KH
SDWLF RULJLQ RI WKH WXPRXU GLDJQRVLV DQG VWDJLQJ 'LIIHUHQWLDO GLDJQRVLV LV
IDFLOLWDWHG E\ FRPELQLQJ LPDJLQJ ILQGLQJVZLWK FOLQLFDO SDUDPHWHUV VXFK DV
VHUXP DOSKDIHWRSURWHLQ $)3 &KLOGUHQ ZLWKPDOLJQDQW OLYHU WXPRXUV RI
WHQ UHTXLUH WKUHHPRGDOLWLHV 86 FKHVW &7 DQG05, IRU RSWLPDO LPDJLQJ
'LIIHUHQWLDOGLDJQRVLV,W LVLPSRUWDQWWRLGHQWLI\YDVFXODUWXPRXUVRILQIDQF\DQG
























































































WKH LQWURGXFWLRQRIQHZ(XURSHDQJXLGHOLQHV LW LVH[SHFWHG WKDWSKDUPDFHXWLFDO
FRPSDQLHVZLOOLQVLVWRQWKHXVHRI5(&,67FULWHULDLQWULDOV
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH















FLUUKRWLF OLYHUGLVHDVHDQG LWV FRPSOLFDWLRQV0XOWLGLVFLSOLQDU\GLDORJXHEHWZHHQ




















,QWHUYHQWLRQDO WUHDWPHQW LQ OLYHUPDOLJQDQFLHV LV D YHU\ LPSRUWDQW DOWHUQDWLYH WR






























)RU05HYDOXDWLRQ WKH VWDQGDUG VHTXHQFHVDUH77)/$,5VHTXHQFHV LQ
D[LDOVDJLWWDODQGFRURQDOSODQHV1HXURQDYLJDWLRQVHTXHQFHVDUHLPSRUWDQWIRU
SODQQLQJWXPRXUVXUJHU\7KHPRVWFRPPRQSRVWHULRUIRVVDWXPRXUVRIFKLOGKRRG


























































































EXW LV H[FHOOHQW DOWHUQDWLYHZKHQDGPLQLVWUDWLRQRI LRGLQDWHG FRQWUDVWPHGLD RU
UDGLDWLRQH[SRVXUHLVXQGHVLUDEOHHVSHFLDOO\LQ\RXQJRUSUHJQDQWSDWLHQWV/RQJ













































































































,PDJLQJ WHFKQLTXHVDUHDOVR WKHDFFHSWHG UHIHUHQFH IRUGHWHFWLRQRIFRPSOLFD
WLRQVLQFOXGLQJVWULFWXUHVDQGSHQHWUDWLQJOHVLRQVVXFKDVÀVWXODVDQGDEVFHVVHV
2EMHFWLYHDVVHVVPHQWRILQÁDPPDWRU\OHVLRQVLVUHTXLUHGIRUJXLGLQJWKHUDSHXWLF
LQWHUYHQWLRQVDQG IRUDVVHVVLQJ WKHHIÀFDF\RI WKHVH LQWHUYHQWLRQV7KHFKRLFH
















































































3XUSRVH 7R DQDO\]H XQGHUJUDGXDWH WHDFKLQJ LQ (XURSH 7R SUR







 ,QZKDWPHGLFDO VFKRRO \HDU V GR VWXGHQWV HQFRXQWHU UDGLRORJ\ DQGZKDW











&RQFOXVLRQ 8QGHUJUDGXDWH WHDFKLQJ LQ UDGLRORJ\ LV QRW XQLIRUP WKURXJKRXW













































































ZDVSRVVLEOH7KH ÀUVW GHÀQLWLYH LQ YLYR LPDJLQJGLDJQRVLV IRU97(ZDV ORZHU
























Ҋ&ODVVLFDOҋ LPDJLQJ LVXVHGHYHU\GD\ LQFOLQLFV WRJXLGHGLDJQRVLVDQGWKHUDS\
EXW RQO\ JLYHV DFFHVV WR DQDWRPLFDO DQGRU VWUXFWXUDO LQIRUPDWLRQ0ROHFXODU
LPDJLQJZLOOJLYHDFFHVVWRWKHDFWLYLW\RIDSURWHLQWKHIDWHRIDELRPROHFXOHDQG





























































































































PHDQV IRU LPDJLQJPROHFXODU LQWHUDFWLRQVQRQLQYDVLYHO\ LQ WKH OLYLQJERG\DQG
FRXOGWKHUHIRUHSURYHDSRWHQWDSSURDFKWRWKHLGHQWLÀFDWLRQRIWKHPHWDEROLFDOO\
DFWLYHSODTXHWKDWLVYXOQHUDEOHWRUXSWXUH1HZUDGLRSKDUPDFHXWLFDOVDGGUHVVLQJ










































6 &% ' ( ) * +$ (XURSHDQ&RQJUHVVRI 5DGLRORJ\








































































QRW\HWEHHQ IXOO\HYDOXDWHG LQ WKLVFRQWH[W7KLVSUHVHQWDWLRQZLOO IRFXVRQ WKH











































































































































$ FRPSOHWHXQGHUVWDQGLQJRI WKHSDWKRSK\VLRORJ\RI UDGLDWLRQ WKHUDS\LQGXFHG
FKDQJHVWRWKHFHQWUDOQHUYRXVV\VWHP&16LVVWLOOODFNLQJ05,FDQQRWUHOLDEO\

















































































































































VWUXFWLRQ RVWHRWRP\ NQHH SURVWKHVLV DQGPHQLVFDO RU RVWHRFKRQGUDO UHSDLU













































































WKLUG RI QHZ+,9GLDJQRVHVDUHPDGHRQO\ZKHQ VLJQLÀFDQW LPPXQRGHÀFLHQF\
KDGRFFXUUHGDOUHDG\(YHQZLWKSRWHQW+,9WKHUDSLHVDYDLODEOHODWHGLDJQRVLVLV














































































6 &% ' ( ) * +$ (XURSHDQ&RQJUHVVRI 5DGLRORJ\
RIWKHVHSDWLHQWVSDUWLDOUHVWRUDWLRQRIVSHFLÀFLPPXQLW\PD\ZRUVHQDSUHH[LVWLQJ






















































































































































































































%UHDVW0DJQHWLF5HVRQDQFH ,PDJLQJ 05, H[DPLQDWLRQV VKRXOG EH UHSRUWHG























































































7KH UROH RI LPDJLQJ LQ SDWLHQWV ZLWK LQFUHDVHG 36$ OHYHO DIWHU UDGLFDO
SURVWDWHFWRP\ RU UDGLDW LRQ WKHUDS\ ZKLFK DUH WKH WZR PDLQ FXU
DWLYH WUHDWPHQW RSWLRQV IRU SURVWDWH FDQFHU LV WR DLG LQ GLIIHUHQWLDWLQJ OR

















































DQGSURJUHVVLYHYDVFXODU UHPRGHOOLQJ3DWLHQWҋVVHOHFWLRQ LV WKHNH\SRLQW IRUD
VXFFHVVIXOSURFHGXUH6RPHWHFKQLFDOGHWDLOVOLNHJRRGVXSSRUWRQSUR[LPDODF
FHVVDQGJRRGDQWLDJJUHJDWLRQWKHUDS\DUHLPSRUWDQWWRLQFUHDVHWKHVDIHW\RI


































































































































































































DOO NH\VWDNHKROGHUV LVHVVHQWLDO WR WKHGHYHORSPHQWDQG LPSOHPHQWDWLRQRIDQ
H[FHOOHQWIRUHQVLFLPDJLQJVHUYLFH:KLOHPDQ\LQWHUQDWLRQDOFHQWUHVRIH[FHOOHQFH
LQIRUHQVLFLPDJLQJKDYHQRZEHHQHVWDEOLVKHGDQGDVPRUHFRPHRQVWUHDPRYHU


































































































































































































































ZKLOH+DUFNHҋVPHWKRG LV XVHGRQO\ RFFDVLRQDOO\ ,QLWLDOO\ XQLYHUVDO XOWUDVRXQG
VFUHHQLQJXVLQJ*UDIҋVPHWKRGOHGWRKLJKHUWUHDWPHQWDQGIROORZXSUDWHVWKDQWKDW
EDVHGRQ1+,DORQHLHYHUVXVDQGYVUHVSHFWLYHO\














GLVHDVH LQ MXYHQLOH LGLRSDWKLFDUWKULWLV-,$86LVDQDFFXUDWHPHDQVWRUHYHDO
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH



















































































LPDJLQJ '6&05,DQGYHVVHO VL]H LPDJLQJ 96, WRGHWHFW FKDQJHV LQ WXPRU
PLFURYDVFXODWXUH'&(05,\LHOGLQJSHUPHDELOLW\LVEDVHGRQWKHPHDVXUHPHQW
RIDFRQFHQWUDWLRQWLPHFXUYHDIWHULQMHFWLRQRID*GEDVHGFRQWUDVWDJHQW&$












































































































DHWLRORJLHV VXFK DV LQIHFWLRQV WXEHUFXORVLV3QHXPRF\VWLV FDULQLL SQHXPRQLD
DEGRPHQDEVFHVVHV SHOYLF DEVFHVVHVPDOLJQDQFLHV /\PSKRPD0HWDVWDWLF






































































































GLVRUGHU WKDW GHYHORSV GD\V WRZHHNV DIWHU FRPPRQ UHVSLUDWRU\ LQIHFWLRQV
7KH UHODWLRQVKLS LV RIWHQ DQHFGRWDO EXW LQ VRPH FDVHV LW FDQ EH FRQÀUPHG
E\ VHURORJ\$'(0E\ GHÀQLWLRQ LV DPRQRSKDVLF GLVRUGHU XQOLNH06 W\SL
FDOO\SUHVHQWLQJLQFKLOGUHQDQG\RXQJDGXOWVZLWKPXOWLIRFDOVLJQVDQGV\PSWRPV
































%DVHGRQ WKHSUHYLRXV OHFWXUHV LQ WKLV VHVVLRQ FRYHULQJ LPSRUWDQW FOLQLFDO DQG
LPDJLQJ ÀQGLQJVRI SDWLHQWVZLWK)82 WKLV LQWHUDFWLYH OHFWXUHZLOO SUHVHQW  WR























QXPEHURISDWLHQWVZLWKGHIHFWLYH LPPXQHVWDWXV WKHZLGHVSUHDG LPPLJUDWLRQ













WKDQ WKRVHZLWKPDVV OHVLRQV DEVFHVVHV05, LV WKHPRVW VHQVLWLYH LPDJLQJ
PRGDOLW\LQGHWHFWLQJIRFDORUGLIIXVHLQIHFWLRXVOHVLRQV5HFHQWO\XVLQJDGYDQFHG
05WHFKQLTXHVVXFKDV'LIIXVLRQ:HLJKWHG,PDJLQJ':DQG056SHFWURVFRS\

















VWHQRVLVWKURPERVLV DUWHULRYHQRXV ÀVWXOD DQGSVHXGRDQHXU\VP3DUHQFK\PDO































IRUVWHQRVHVXVXDOO\ ORFDWHGRQ WKHYHQRXVVLGHDQHXU\VPVPXUDO WKURPEXV
DFXWHWKURPERVLVVWHHOSKHQRPHQRQRUFROOHFWLRQV:KHQDVWHQRVLVLVSUHVHQW





















,Q WKH WUDXPD VHWWLQJ WKH QXPEHU RI DQJLRJUDSKLF VWXGLHV KDV VXEVWDQWLDOO\














































PXOWLF\VWLF GLVHDVH LV IUHTXHQWO\ REVHUYHGRQQDWLYHDQG WUDQVSODQWHG NLGQH\V
3ULPDU\PDOLJQDQF\RIWKHNLGQH\DOORJUDIWLVQRWDQH[FHSWLRQDOFRQGLWLRQLQWKH
ORQJWHUPDQGPD\MXVWLI\UHJXODUVFUHHQLQJE\LPDJLQJZLWKSRWHQWLDOGLDJQRVWLF













,PDJLQJ WHFKQLTXHVDUH LPSRUWDQW WRHYDOXDWHGLIIHUHQWVLWXDWLRQV LQ WKHÀHOGRI
NLGQH\WUDQVSODQWDWLRQWKHOLYLQJDQGFDGDYHULFGRQRUWKHUHFLSLHQWҋVHYDOXDWLRQ
WKHGLDJQRVLVRIJUDIWG\VIXQFWLRQWKHGLDJQRVLVDQGWUHDWPHQWRIFRPSOLFDWLRQV
'RSSOHUXOWUDVRXQG '86DQGQXFOHDUPHGLFLQHH[DPLQDWLRQVDUH WKH LPDJLQJ
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH






































































































































% 6& ' ( ) * +$(XURSHDQ&RQJUHVVRI 5DGLRORJ\
6XQGD\
H[DPSOHV(SLGHPLRORJLFDO FOLQLFDODQG LPDJLQJÀQGLQJVRI WKHVHGLVHDVHVZLOO
EHGLVFXVVHGDQGGLIIHUHQWLDOGLDJQRVWLFIHDWXUHVZLOOEHSURSRVHG,WZLOODOVREH























































HYDOXDWLRQRIVXFKEUHDVWV LV IUHTXHQWO\ LPSDLUHGE\GHFUHDVHGFRPSUHVVLELOLW\

















































































































































UHÁHFWLYH RI VRPHKDOOPDUNV RI FDQFHU%HVLGHV WKHH[DPLQDWLRQKDV VKRZHG
FDSDELOLW\LQLGHQWLI\LQJFKDQJHVLQYDVFXODULVDWLRQFHOOXODULW\DQGWXPRXUYROXPH
GXH WRFKHPRWKHUDSHXWLFGUXJVDQG WDUJHWWKHUDS\$PRQJ LPDJLQJPRGDOLWLHV
05,UHSUHVHQWVWKHPRVWDFFXUDWHH[DPLQDWLRQLQWKHLGHQWLÀFDWLRQRISDWKRORJLFDO
FRPSOHWHUHVSRQVHDQGLQWKHDVVHVVPHQWRIWKHH[WHQWRIUHVLGXDOGLVHDVHDIWHU










































































SDWLHQW VHOHFWLRQ7KH FRPELQDWLRQ LQ D VLQJOH H[DPLQDWLRQRI IXQFWLRQ VWUHVV
SHUIXVLRQDQG WLVVXHFKDUDFWHULVDWLRQZLWK7ZHLJKWHG ´RHGHPDVHQVLWLYHµDQG



























LQJ LQFLGHQFH VWURQJO\ OLQNHG WR WKH LQFUHDVLQJDJHRI WKH:HVWHUQSRSXODWLRQ






























































RU UHJXUJLWDWLRQDUHQHFHVVDU\ LQRUGHU WRDOORZFKRRVLQJ WKHPRVWDSSURSULDWH































RQ WKH DWWHQXDWLRQ DORQJ WKH SURMHFWLRQ OLQHV$V D UHVXOW )%3 LV VXERSWLPDO
IRU QRLV\ GDWD3HUIRUPDQFH LQ WKH SUHVHQFHRI QRLVH FDQEH LPSURYHGHLWKHU
E\ FHUWDLQW\ EDVHG SUHSURFHVVLQJ RI WKH SURMHFWLRQ GDWD RU E\ XVLQJ LWHUDWLYH
UHFRQVWUXFWLRQDOJRULWKPVEDVHGRQDPRUHUHDOLVWLFQRLVHPRGHO,IWKHQXPEHU
RISURMHFWLRQDQJOHV LV OLPLWHG)%3VXIIHUV IURPDUWHIDFWV ,QFRQWUDVW LWHUDWLYH
UHFRQVWUXFWLRQ LVPRUH UREXVWDJDLQVWDQJXODUVDPSOLQJ LVVXHV1RQHWKHOHVV LI
WKHQXPEHURISURMHFWLRQDQJOHV LV WRR ORZ WKHUH LVQRWHQRXJK LQIRUPDWLRQ IRU










































SURYLGLQJ IXQFWLRQDO LQIRUPDWLRQDERXW WLVVXHV SHUIXVLRQZDWHUH[FKDQJH WKDW
FRUUHFWUHSRUWLQJRIWKHQHFHVVDU\PHDVXUHPHQWVWDUJHWHGDWWKHFOLQLFLDQVҋQHHG
)XUWKHUPRUH0'&7VFDQSURWRFROGHVLJQZLOOEHUHYLHZHGIRFXVLQJQRWRQO\RQ
































































































































































































































FRQGLWLRQV WKHLU LPDJLQJDSSHDUDQFH WKHSRWHQWLDOSLWIDOOVDQGVRPH LPSRUWDQW
PHWKRGLFDO GHWDLOVZLOO EHSUHVHQWHG DOVRGLVFXVVLQJ UHFRPPHQGHGSDHGLDWULF
LPDJLQJDOJRULWKPV ,QPRVWDFXWHSDHGLDWULF*8FRQGLWLRQV86LVDGHTXDWHDV
WKHÀUVWDQGRIWHQVXIÀFLHQWLPDJLQJPRGDOLW\5DUHO\RWKHULPDJLQJLVQHFHVVDU\
SDUWLFXODUO\ LQ WKHDFXWHVHWWLQJ²H[FHSW IRU&7 LQVHYHUHPXOWLSOH WUDXPD$OO










7UDXPD LV D OHDGLQJ FDXVH RIPRUELGLW\ DQGPRUWDOLW\ LQ FKLOGUHQ7KH FOLQLFDO

















H[SORUDWLRQV7KHGHFLVLRQ IRURSHUDWLYH LQWHUYHQWLRQ LQ WKHVPDOOSHUFHQWDJHRI



























,Q RUGHU WR DFKLHYH WKLV JRDO UDGLRJUDSKHUV VKRXOGEHFRPH IDPLOLDUZLWK GRVH
DQG LPDJHTXDOLW\ LQPDPPRJUDSK\DQGXQGHUVWDQG WKHEHQHÀWVRI LGHQWLI\LQJ
DQGDGGUHVVLQJGRVHDQG LPDJHTXDOLW\ LVVXHV LQPDPPRJUDSK\7KHSXUSRVH














































6 &% ' ( ) * +$ (XURSHDQ&RQJUHVVRI 5DGLRORJ\
SUHGLFWRURIVXUYLYDO(YDOXDWLRQRI))'*NLQHWLFV G\QDPLF3(7DOORZV WR
GLIIHUHQWLDWH UHVSRQVHRUQRQUHVSRQVH3(7 WUDFHU WKDW TXDQWLÀHV WXPRXUSUR






















































GLVWRUWLRQ0DPPRJUDSK\ LV E\ IDU WKHEHVW H[DPLQDWLRQ IRU WKH GHWHFWLRQDQG
FKDUDFWHULVDWLRQRIPLFURFDOFLÀFDWLRQV6RQRJUDSK\ LVQRWD VFUHHQLQJ WRRO EXW
LVDXVHIXOFRPSOHPHQWWRTXHVWLRQDEOHPDPPRJUDPV05,LVYHU\SRZHUIXODQG






















WHFKQLTXH7KLV VHVVLRQZLOO UHYLHZDQG XSGDWH WKH FXUUHQW DSSOLFDWLRQ RI WKH




























%RQHDQG VRIWWLVVXH VDUFRPDV UHSUHVHQW D JURXSRIPDOLJQDQFLHVZLWK KLJKO\





































































































































































































































DEOH WR GHWHFW ÀQGLQJV FRQVLVWHQWZLWK DFXWHEDFWHULDO RWLWLV DQGSRVWWUDXPDWLF
FKDQJHVFRPPRQO\UHVSRQVLEOHIRUWKHVXGGHQRQVHWRI&+/,Q61+/05,E\
FRPELQLQJXQHQKDQFHG77DQGSRVWFRQWUDVW7:,VHTXHQFHVSURYLGHVDQ
H[FHOOHQW VHQVLWLYLW\ LQ UHFRJQLWLRQ RI WKH LQWUDODE\ULQWKLQH ÁXLG FKDQJHV VPDOO









7RDSSUHFLDWH WKH LPDJLQJVWUDWHJLHVDQGÀQGLQJV IRUSDWLHQWVZLWKVXGGHQ
RQVHWRIKHDULQJORVV
7RXQGHUVWDQGWKHFKRLFHRILPDJLQJWHFKQLTXHIRU&7VFDQQLQJYHUVXV05,
















FRPPRQDFXWHV\PSWRP UHODWHG WR WKH WULJHPLQDOQHUYH LV WULJHPLQDOQHXUDOJLD
ZLWKQHXURYDVFXODUFRQÁLFWVEHLQJLQFUHDVLQJO\UHFRJQLVHGDVLWVPDLQFDXVHZLWK






DIIHFWLQJFUDQLDOQHUYHVҋQXFOHL+LJKUHVROXWLRQ LPDJLQJ WDLORUHG WR WKHGLIIHUHQW



























FRPPRQXURORJLFDO FDXVHV RI KDHPDWXULD$IWHU DQ LQLWLDO XQHQKDQFHG SKDVH





















































































































6 &% ' ( ) * +$ (XURSHDQ&RQJUHVVRI 5DGLRORJ\
GLDUUKRHDYRPLWLQJFRQVWLSDWLRQDQGDEGRPLQDOSDLQ7KHGLIIHUHQWLDOGLDJQRVLV




























































































,Q SDWLHQWV XQGHUJRLQJ WKHUDS\ IRUPDOLJQDQW GLVHDVHZLWK QHZSXOPRQDU\ DE
QRUPDOLWLHVGLIIHUHQWLDWLRQEHWZHHQSXOPRQDU\PDQLIHVWDWLRQVRIPDOLJQDQF\LH
SURJUHVVLYH GLVHDVH DQG QRQQHRSODVWLF FKDQJHV DVVRFLDWHGZLWK WKH WKHUDS\
PD\ EH FKDOOHQJLQJ7KH FRQVHTXHQFHV KRZHYHU DUH XVXDOO\ YHU\ LPSRUWDQW
DV WKHUDS\DVVRFLDWHGDEQRUPDOLWLHVPD\EHWUHDWHGZLWKGLVFRQWLQXDWLRQRI WKH








































































































































FKRODQJLRSDQFUHDWRJUDSK\ HQGRVFRSLF UHWURJUDGH FKRODQJLRSDQFUHDWRJUDSK\



























































































































































0RVW UDGLRORJLFDO UHSRUWV FRQVLVW RI D ࡏGHVFULSWLYHSDUWҊ LQZKLFK WKH UDGLRORJLVW
GHVFULEHVWKHÀQGLQJVDQGDVKRUWࡏFRQFOXVLRQSDUWҊFRQWDLQLQJWKHLQWHUSUHWDWLRQ
RIZKDWLVVHHQ%RWKSDUWVDUHÀOOHGZLWKࡏMDUJRQҊ6RPHWHUPVDUHW\SLFDOUDGLR
ORJLFDO ࡏODQJXDJHҊZKLOHRWKHUV UHIHU WR WHUPLQRORJ\DOVRXVHGE\FOLQLFLDQVDQG
SDWKRORJLVWV6RPHWHUPVDUHSXUHO\GHVFULSWLYHEXWRWKHUVPD\FRQWDLQDOUHDG\
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH












LQ WKHZHVWHUQZRUOG&DUGLDF LPDJLQJVHDUFK IRURQFRORJLFGLVHDVHV LH OXQJ
FDQFHURUFRORQLFFDQFHUDUHSUREDEO\WKHPRVWFRPPRQࡐLQGLFDWLRQV´IRULPDJLQJ
RI DV\PSWRPDWLF LQGLYLGXDOV ,PDJLQJRI DV\PSWRPDWLF LQGLYLGXDOVZLWK LRQLVLQJ





























































WKHUDS\ RU ELRPHGLFDO UHVHDUFK LV SURGXFLQJGRFXPHQWV RQ UHFRPPHQGDWLRQV
WRKHOSLQWKHSURJUHVVRIDVDIHUPHGLFLQH,PDJLQJLQDV\PSWRPDWLFLQGLYLGXDOV



























WKHUDS\ RU ELRPHGLFDO UHVHDUFK LV SURGXFLQJGRFXPHQWV RQ UHFRPPHQGDWLRQV
WRKHOSLQWKHSURJUHVVRIDVDIHUPHGLFLQH,PDJLQJLQDV\PSWRPDWLFLQGLYLGXDOV



















6 &% ' ( ) * +$ (XURSHDQ&RQJUHVVRI 5DGLRORJ\
WRGHSLFWWKHXSSHUDLUZD\VWKHGHHSVSDFHVRIWKHIDFHWKHVNXOOEDVHDQGRU
WKHRUELW(QODUJHG O\PSKQRGHVPD\EHDVLJQRI LQÁDPPDWRU\GLVHDVHEXW LW
PD\DOVREHWKHÀUVWH[SUHVVLRQRIPDOLJQDQWGLVHDVHVXFKDVQDVRSKDU\QJHDO
FDQFHUPDOLJQDQWO\PSKRPDUKDEGRP\RVDUFRPDQHXUREODVWRPDDQGVKRXOGEH




















































































































































:KLOH WKH IXOOSRWHQWLDOLWLHVRIPXOWLGLVFLSOLQDU\ LPDJHVKDULQJZLWKLQKHDOWKFDUH
VHWWLQJVDUHEHLQJIXUWKHUH[SORUHGLWLVQRZLQFUHDVLQJO\FRPPRQWRVHHLQWHQVH
FRRSHUDWLRQEHWZHHQ UDGLRORJLVWV DQGRWKHU FOLQLFLDQV IRU SODQQLQJDQGJXLGLQJ





























































































































































































































































 LQFUHDVHGH[WUDYDVDWLRQDQG FHOOXODU XSWDNHRI GUXJVDQGRU FDUULHUVDQG
HQKDQFHGGLIIXVLYLW\RIGUXJV7KHUPRVHQVLWLYHOLSRVRPHVKDYHEHHQVXJJHVWHG
IRUORFDOGUXJUHOHDVHLQFRPELQDWLRQZLWKORFDOK\SHUWKHUPLDPRUHWKDQ\HDUV
DJR0LFUREXEEOHVPD\ EH GHVLJQHG WR HQKDQFH FDYLWDWLRQ HIIHFWV5HDOWLPH
LPDJLQJPHWKRGVVXFKDVPDJQHWLFUHVRQDQFHRSWLFDODQGXOWUDVRXQGLPDJLQJ
KDYH OHG WR QRYHO LQVLJKWV DQGPHWKRGV IRU XOWUDVRXQGWULJJHUHGGUXJGHOLYHU\
,PDJHJXLGDQFHRIXOWUDVRXQGFDQEHXVHGIRUWDUJHWLGHQWLÀFDWLRQDQGFKDUDF
WHULVDWLRQVSDWLRWHPSRUDOJXLGDQFHRIDFWLRQVWRUHOHDVHRUDFWLYDWHWKHGUXJV


























































































































LW\ %$ LVEDVHGRQ&53(65:%&2URVRPXFRLGSODVPDWLF OHYHOVRU IDHFDO












































EXW WKHVHH[DPLQDWLRQVDUH XQDEOH WR GHPRQVWUDWH H[WUDHQWHULF SDWKRORJ\$V
DUHVXOWFURVVVHFWLRQDOPHWKRGVVXFKDV&7DQG05,KDYHEHHQJDLQLQJWKHLU
SODFHDQGDUHQRZLQFUHDVLQJO\XVHGLQWKLVVHWWLQJVLQFHWKH\PDQDJHWRSURYLGH














































































LQFOXGLQJ LRGLQDWHG FRQWUDVWPHGLD DGPLQLVWUDWLRQ WKHGLDJQRVWLF TXDOLW\ RI WKH
H[DPLQDWLRLQLVLPSURYHG1HYHUWKHOHVVWKHSRVVLELOLW\WKDWFRQWUDVWHQKDQFHG&7
XVHGIRUDWWHQXDWLRQFRUUHFWLRQPD\LQWURGXFHHUURUVLQWKHVWDQGDUGLVHGXSWDNH

















































































































































































































SHUVLVWEH\RQGZKDW LVH[SHFWHG ,W LVHVVHQWLDO WREH IDPLOLDUZLWK WKH LPDJLQJ
FKDUDFWHULVWLFDSSHDUDQFHRIWKHVHOHVLRQVWRDOORZDFRQÀGHQWGLDJQRVLVDVPRVW
RIWKHVHOHVLRQVDUHEHQLJQ$FRPSOHWHUHYLHZRIWKHVSHFWUXPRIVRIWWLVVXHOHVLRQV




























% 6& ' ( ) * +$(XURSHDQ&RQJUHVVRI 5DGLRORJ\
0RQGD\
/HDUQLQJ2EMHFWLYHV














LPDJHVZLWK FRURQDO UHIRUPDWV DQG D[LDO 7 )/$,5 DQG7JUDGLHQWHFKR
6WUXFWXUHG GHVFULSWLRQ RI ÀQGLQJV5HSRUWLQJ VKRXOG LQFOXGH D SRVVLEOH IRFDO
PDVVOHVLRQVEYDVFXODUSDWKRORJ\FJOREDODQGUHJLRQDODWURSK\DQGGDGGL
WLRQDOIHDWXUHVOLNHFDOFLÀFDWLRQRUPLFUREOHHGV9DVFXODUOHVLRQVLQFOXGHWHUULWRULDO
VWUDWHJLF LQIUDFWVHJ WKDODPLF OHVLRQV ODFXQHVDQGVPDOOYHVVHOZKLWHPDWWHU
FKDQJHV VXFK:0&FDQ EH JUDGHG XVLQJ HJ )D]HNDV VFDOH DQG LQYROYH
PHQW RI EDVDO JDQJOLD VKRXOG EHGLVFXVVHGHVSHFLDOO\ LQ3DUNLQVRQҋV GLVHDVH
:0&FDQRFFXU LQ VSHFLÀF ORFDWLRQV LQ&$'$6,/ WHPSRUDO SROH DQG);7$6
FHUHEHOODUSHGXQFOH6LPSOHUDWLQJVFDOHVH[LVWIRUJOREDODQGUHJLRQDOPHGLR
WHPSRUDODQGSRVWHULRUFRUWLFDODWURSK\DJHGHSHQGHQWFXWRIIYDOXHVQHHGWREH
WDNHQ LQWR FRQVLGHUDWLRQ ,QIUDWHQWRULDO DWURSK\ VKRXOG EHHYDOXDWHG VHSDUDWHO\






























IRU KDHPRGLQDPLFDOO\ XQVWDEOH VXEMHFWV7KHUHIRUH LW LV FRPPRQSUDFWLFH WKDW
QHXURLPDJLQJLVUHVHUYHGWRVHOHFWHGFDVHVZKLOHSRWHQWLDOO\PRUHFRXOGEHQHÀW







































































RIPDJQHWLF UHVRQDQFH LPDJLQJ SDWWHUQ UHFRJQLWLRQ LQ GLVWLQJXLVKLQJ GLIIHUHQW
PLFURYDVFXODUDQGLQÁDPPDWRU\GLVHDVHVLVSUHVHQWHG
3RVWJUDGXDWH(GXFDWLRQDO3URJUDPPH
































































































PRUELGLW\ DQGPRUWDOLW\ZRUOGZLGH ,W LV D KHWHURJHQHRXVGLVHDVHDIIHFWLQJ WKH
DLUZD\VWKHSDUHQFK\PDDVZHOODVWKHYDVFXODWXUHZLWKGLIIHUHQWVHYHULWLHVGXULQJ
WKHFRXUVHRIWKHGLVHDVH&RPSXWHGWRPRJUDSK\&7ZLWKWKHDLGRIG\QDPLF








































































































































































VSHFWUXPRI FRQGLWLRQV WR EH FRYHUHG DQG WKHVH LQFOXGH VXUIDFWDQW GHÀFLHQF\
GLVHDVHDQGFRPSOLFDWLRQVRILWVWUHDWPHQWUHWDLQHGIHWDOOXQJÁXLGPHFRQLXP
DVSLUDWLRQV\QGURPHQHRQDWDOSQHXPRQLDFK\ORWKRUD[DQGSHUVLVWHQWSXOPRQDU\








































WKHVHVKRXOGEH UHFRJQLVHG&KHVW UDGLRJUDSK\ LV WKHÀUVWDQGPRVW LPSRUWDQW

























FRQVROLGDWLRQ SXOPRQDU\QRGXOHV WUHHLQEXW VLJQEURQFKLRODUZDOO WKLFNHQLQJ
PXFRLG LPSDFWLRQ DLU WUDSSLQJ VHSWDO WKLFNHQLQJPRVDLFSHUIXVLRQDQGKRQH\
FRPELQJ0RVWIUHTXHQWGLVHDVHVLQFKLOGUHQWREHGHDOWZLWKDUHEURQFKLHFWDVLV
F\VWLFÀEURVLVDVWKPDFRQVWULFWLYHEURQFKLROLWLVEURQFKLROLWLVREOLWHUDQVDQGH[WULQVLF
DOOHUJLFDOYHROLWLVDQGWKH\ZLOOEHGHPRQVWUDWHGZLWKXVHRIDV\VWHPDWLFDSSURDFK
/HDUQLQJ2EMHFWLYHV
7RXQGHUVWDQGWKHUROHRIFKHVW&7
7ROHDUQDERXWWKHW\SLFDO&7ÀQGLQJVRILQWHUVWLWLDOOXQJGLVHDVH
7REHFRPHIDPLOLDUZLWKWKHPRVWIUHTXHQWGLVHDVHVDQGOHDUQDERXWDV\V
WHPDWLFDSSURDFK

